39 Five-year (2011Five-year ( -2015 hotspot, but also provide useful information for policy-makers that mitigation of NH 3 67 emissions should be a priority to tackle serious N deposition in eastern China.
Introduction

69
In China, and globally, human activities have dramatically increased emissions 
Materials and methods
166
Study area and site descriptions 167
The present study was conducted in eastern China, which is distinguished by the 168 "Hu Line" (She, 1998) . This region has spatial heterogeneity in levels of economic 169 development, resulting in significant spatial differences in NH 3 and NO x emissions
170
( Fig. 1b and c) . Thus, to better analyze spatial and temporal variabilities in measured
171
N r concentrations and deposition, we divided eastern China into northern and southern 172 regions using the Qinling Mountains-Huaihe River line (Fig. 1a) , of which the 173 division basin was based on the differences in natural conditions, agricultural 174 production, geographical features and living customs. As for specific differentiations,
175
for example, the northern region adopted a centralized domestic heating policy for 176 late autumn and winter seasons but the south has not; annual average precipitation 177 amounts were generally greater than 800 mm in the south but were less than 800 mm 178 in the north. In addition, the north is characterized by calcareous soil, which could 179 result in higher soil NH 3 volatilization (Huang et al., 2015) , vs. the acidic red soil in 180 the south.
181
The NNDMN was operated in line with international standards by China
182
Agricultural University (CAU); 35 NNDMN sites were located in eastern China (Xu 183 et al., 2015). For our analysis, we considered twenty-seven sites in total, with most showed small relative changes (from -1% to 5%) across all land use types in the two 398 regions, except at northern rural sites, which exhibited a larger but non-significant 399 increase (25%) (Fig. 2f ). Due to significant interannual variability, longer records are 400 needed to better assess the significance of any concentration changes. Table S1 in the Supplement. The error bars are the standard errors of means. showed the largest increase of 26-31% at background sites, a smaller increase of 4-5%
412
at rural sites, and a decrease of 2-14% at urban sites; however, those changes were not 413 significant ( Fig. 2g- winter, and significant seasonal differences generally occurred between summer and 423 winter (Fig. 3a) . Conversely, the average NO 2 concentration generally showed the 424 highest value in winter and the lowest in summer; differences between seasonal 425 concentrations were sometimes significant at rural sites in the south and background 426 sites, but not at urban sites (Fig. 3b) . The seasonal changes in the HNO 3 concentration
427
were generally small and not significant for all land use types (Fig. 3c ).
428
The average pNH 4 + concentration exhibited a non-significant seasonal variation 429 across all land use types, except for southern rural sites which showed significantly
430
higher values in winter than in summer (Fig. 3d) (Fig. 3e) . The average concentration of total N r usually showed small and 435 non-significant seasonal differences for all land use types (Fig. 3f) . each land use type in each region can be found in Table S1 in the Supplement. The however, only small differences in the means were found for HNO 3 (6% lower in the annual average total N dry deposition fluxes showed small and non-significant 509 increases across the study periods: 2% at urban sites, 9% at rural sites, and 7% at 510 background sites (Fig. 5f ). The sign and magnitude of period-to-period changes in dry sites for each land use type in each region can be found in Table S1 in the Supplement.
525
The error bars are the standard errors of means. autumn > winter, with the seasonal changes usually significantly different (Fig. 6a) .
532
Similarly, dry the NO 2 deposition flux was also at its minimum in winter, but its 533 maximum was found in summer at urban and rural sites and in autumn at background 534 site; seasonal differences in most cases were not significant (Fig. 6b) . Seasonal 535 patterns of dry HNO 3 deposition flux at all land use types were similar to those for dry 536 NH 3 deposition fluxes, and the resulting seasonal changes were sometimes significant, 537 except at northern urban sites (Fig. 6c) . winter; significant seasonal differences generally were observed between winter and 556 the other three seasons (Fig. 6f) .
557
Wet/bulk deposition fluxes of NH 4 + -N, NO 3 --N, and TIN all showed significant 558 seasonal variation at urban and rural sites, but not at background sites, with the 559 highest values in summer and the lowest in winter (Fig. 7a-c) . (1-5%) between 2011-12 and 2013-15 (Fig. S6b, Supplement) . Regionally, the total ) ratio showed a non-significant annual trend across all sites (Fig. 8a) .
585
At all land use types, the averaged ratios were slightly higher in the 2013-2015 period 586 than in the 2011-2012 period (Fig. 8b) . were generally higher in the north than in the south (Table 1) . This is likely due to of reduced and oxidized N r pollution over eastern China.
617
From satellite observations (Fig. 9a, b 
Seasonal variations of N r concentration and deposition
661
The seasonal concentrations of N r species in air and precipitation are dependent observed at the three land use types (Fig. 3c) . Particulate NH 4 + and NO 3 -are also 687 mainly generated via chemical reactions between NH 3 and inorganic acids (e.g.,
688
HNO 3 , H 2 SO 4 ). We found that concentrations of pNH 4 + and pNO 3 -at all land use 689 types usually peaked in winter (Fig. 3e, f) . Low temperature and high emissions of N concentrations rather than precipitation amount.
708
The seasonal variation of NH 3 dry deposition is generally similar to that of NH 3 709 concentration (Figs. 3a and 6a the four seasons in most cases (Fig. S11a-c, Supplement) , the seasonality of NH 3 711 deposition is mainly dominated by changes in ambient NH 3 concentrations. Seasonal 712 deposition fluxes of NO 2 and HNO 3 both differ appreciably (Fig. 6b, c) , showing 713 similar variation to seasonality of their respective V d values (Fig. S11d-i, Supplement) .
714
Given weaker seasonal fluctuations of NO 2 and HNO 3 concentrations, the seasonality concentrations (Fig. 10f) reductions of 32% and 25% in 2015 compared to 2011, respectively (Fig. 12a, b) . This 
